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ABSTRACT 
Ergonomic Evaluation of Block Lifting Tools on Biomechanical 
Stresses to Masons 
 
Meng Han 
Masonry has very high incidence rate of all construction trades for injuries with lost 
workdays due to overexertion involving lifting in the USA. An increasingly frequent 
masonry task is the construction of retaining walls for landscaping purposes, whereas 
retaining wall blocks typically weigh 80 pounds or more, and are oddly shaped with poor 
hand coupling. Due to the extreme weight of the blocks and poor hand coupling, workers 
are often required to use awkward postures and jerking motions during the lift and place 
of the block. As a result of these challenges associated with manipulating these blocks by 
hand, tools have been designed to assist the mason during the lifting task. Unfortunately, 
these lifting tools have not been shown to actually reduce the risk of an injury, and even 
the expected benefits from their use are speculative. It is essential that the design and use 
of these tools are evaluated to ensure that these workers are not being placed at an 
increased risk of injury. The efficacy of a block lifting tool (Versa-Lok Lifter) for 
reducing biomechanical strain on the worker has been evaluated based on the data of joint 
stresses and population-based strength provided by University of Michigan’s 3D Static 
Strength Prediction Program (3DSSPP). The study shows that the Versa-Lok Lifter can 
reduce the low back compression during the lifting. However using this tool may increase 
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Chapter 1: Introduction 
 
In the United States, masonry has very high incidence rate of all construction trades for 
injuries with lost workdays due to overexertion involving lifting (D. Anton et al. 2005). 
An increasingly frequent masonry task is the construction of retaining walls for 
landscaping purposes, whereas retaining wall blocks typically weigh 80 pounds or more, 
and are oddly shaped with poor hand coupling. This results in overexertion, the most 
common cause for low back pain, from which as many as 50% of workers are away from 
work for greater than 30 days, and resulting in costs exceeding $100 billion annually. 
Therefore, there is a critical need to evaluate the biomechanical strain experienced by this 
understudied population of workers, so that effective interventions can be developed.   
 
Construction of retaining wall systems requires the repetitive lifting of large concrete 
blocks that have been causing low back injuries at an alarming rate within the 
construction industry. These “hardscape” operations can be performed using heavy 
machinery, but the terrain often prevents feasible access of these machines, requiring 
masons to handle these blocks themselves. Due to the extreme weight of the blocks and 
poor hand coupling, workers are often required to use awkward postures and jerking 
motions during the lift and place of the block. As a result of these challenges associated 
with manipulating these blocks by hand, tools have been designed to assist the mason 
during the lifting task. Unfortunately, these lifting tools have not been shown to actually 
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reduce the risk of an injury, and even the expected benefits from their use are speculative. 
It is essential that the design and use of these tools are evaluated to ensure that these 
workers are not being placed at an increased risk of injury. 
 
With respect to these operations, injuries to the lower back are both the frequent and 
costly to a company, but other injuries commonly occur, such as trauma. Without use of a 
lifting tool, the hands are required to directly contact the course concrete of the heavy 
block, which can result in the lacerations, or pinching of fingers. Furthermore, in order to 
adequately grasp the block, it is often tilted to one side, so that the fingers or a foot can 
get underneath for support in order to obtain a secure grasp. This awkward posture may 
hurt your fingers and foot if the block falls. If this block is located on the ground, then the 
mason has to assume a posture that lowers the hands completely to the ground, thus 
increasing the risk of a lower back injury. Due to the mechanical disadvantage resulting 
from the heavily stooped or squatted posture, lifting these blocks from the ground 
commonly often results in dynamic jerking motions, which may increase the compressive 
loading on the spine by 50%. After lifting the block, the placement of the block on the 
intended location on the wall also can result in the same hazards as previously mentioned, 
effectively doubling the risk of these injuries occurring. 
 
Lifting tools are designed to provide a mechanical advantage and improved coupling for 
the hands. One of the most common block lifting devices used in construction of 
residential retaining walls will be evaluated: the Versa-Lifter. There is no documented 
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evidence that this tool reduces the risk of an injury, it may even increase the risk. To its 
advantage, this tool typically attaches to the top of the block, using weight-loaded friction 
to couple the block and tool, and reduces the amount of torso flexion required since the 
workers’ hands only lower enough to grasp the handle, and not the bottom of the block. 
Additionally, the improved coupling reduces the propensity for pinching and lacerations 
from direct contact with the block. Conversely, the lifting tool may create additional 
hazards that do not otherwise exist, or are at least less likely to occur, during direct 
manipulation of the blocks. And the tool may also affect the strength capabilities of some 
major joints of the body. In the cases where the tool is not sufficiently inserted into the 
blocks, these blocks can fall or swing onto the feet and legs of the lifter during the task. 
Moreover, the lifting techniques employed while using this tool vary, are not readily 
available from, or stipulated by, the manufacturer, and are only constrained by the 
workers’ own ability to physically complete the task. An additional concern regarding the 
use of the block lifting tool is that the improved hand coupling may lead workers to have 
a lower perception of the risks, which may lead to use of less safe behaviors and lifting 
techniques. In cases where the perception of risk is significantly lower than the actual risk 
of an injury, workers may become less cautious, more easily distracted, and are much 
more likely to injure themselves. It is essential that these tools and the associated lifting 
techniques be evaluated in order to quantify the biomechanical stresses that result from 
using these tools to perform block lifting tasks, and subsequently assess the risk 
associated with these tasks.   
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Our central hypothesis is that without the results obtained from objective evaluations, 
companies cannot know if they are providing a workplace free from recognized hazards. 
To answer this question, a combined field and laboratory study will be performed to 
establish the effects of this lifting device on work demands and on energetic and 
biomechanical workload in a real world setting. The proposed study will seek to evaluate 
effectiveness of this retaining wall block lifter to allow masons to perform these tasks 
with nominal risk, and optimize the hand lifting tool. 
 
The principal objective of this research is to evaluate the efficacy of a block lifting tool 
(Versa-Lok Lifter) for reducing biomechanical strain on the worker. Six experienced 
male masons performed lifting tasks, they individually used the Versa-Lok lifter or hand 
lifting the block from the ground to four different heights (1.5ft, 2.5ft, 3.5ft, 4.5ft) and 
then lowered it back to the ground. The lifting tasks are very similar to those performed 
by experienced masons every day.  Based on the data of joint stresses and population-
based strength provided by University of Michigan’s 3D Static Strength Prediction 
Program (3DSSPP), Lifting Index (LI) from NIOSH Lifting Equation, and subjects’ 
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Chapter 2: Review of Relevant Literature and Past Research 
 
Masonry workers have been performing their work the same way for many years, and 
experience the second highest back injury rate with the construction industry. Few 
ergonomic interventions have been introduced from which masons can benefit, and heavy 
lifting remains one of a mason’s most physically demanding tasks. 
 
Laying blocks involves a high physical workload and is associated with low back 
disorders among masons, studies have investigated the effect of manual materials 
handling jobs for several decades. Hamilton and Chase (1969) found that at a certain 
productivity, people prefer to handle higher weights at lower frequencies than lower 
weights at higher frequencies. And previous research showed that motion segment 
damage may arise, both from a single maximal compressive force and cyclic loading 
protocols at submaximal force level (Brinckmann et al., 1988; Hansson et al., 1987; Liu 
et al., 1983 ). In 1996, Looze et al. concluded that it was not clear that a reduction in 
brick weight implied a reduction of the spinal load, and the incorporation of the time 
aspects of the load was of importance in risk evaluations. This shows the importance of 
time of exposure to the load in addition to the load’s weight. Anton et al. (2005) also 
reported that compared with the light-weight blocks, muscle activity was not routinely 
greater when handling standard-weight blocks. Despite the minimal effect reported for 
block weight, the results of the study clearly demonstrate the adverse effects of working 
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with the arms elevated at or above shoulder level. Actually, the knowledge of the 
increased risk of injury for elevated arm work was first found by using Rapid upper-limb 
assessment (RULA) (McAtamney and Corlett, 1993). Several laboratory investigations 
also have reported the positive relationship between work with the arm elevated at or 
above shoulder height and increased muscle activity, shorter duration and greater fatigue 
(e.g. Haslegrave et al. 1997, Gary et al. 2002). It implies that, mechanical lifting 
equipment or devices to adjust working height should be implemented to substantially 
lower the risk of low back injury. Additionally, in 2008, Van Der Molen et al. found that 
block weight, varying between 11 and 16 kg, had no effect on production for the number 
of blocks placed, total weight handled, duration and frequency of tasks and activities, 
energetic workload and cumulative spinal load over a full work day. But in our research, 
the blocks are much heavier, so this conclusion may be not appropriate for us.  
 
In order to minimize injuries, masons often have a lifting tool available to assist these 
block lifting tasks; however empirical evidence does not currently exist to support that 
these lifting devices reduce strain on the workers’ lower back.   
 
Since the block weight is too heavy, if we could reduce the work load, that would be best 
way to reduce the risks of an injury. And the most simple way to reduce the weight is 
team lifting, the literature associated with team lifting also offers some interesting 
concerns. Karwowski, and Mital (1986) reported that the lifting capacity of the two-
person team was less than the sum of individual isometric and isokinetic lifting strengths. 
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Karwowski (1988) confirmed through psychophysical criteria that teams were willing to 
lift less than the sum of the individuals’ maximum acceptable lifts. However Johnson and 
Lewis (1989) have reported that during both team lifting and carrying, subjects were 
willing to lift weights that were greater than the sum of the individuals’ acceptable 
weights. It is interesting to note that many of these studies intentionally mismatched 
subject anthropometry and found decreased team lifting capacity, while Johnson and 
Lewis stated they matched subjects for height. They were also the only ones who found a 
decrease of the lifting weight capacity in individual-lifting. Marras et al. (1999) 
compared 3-D lumbar spinal loads between a range of symmetrical and asymmetrical 
lifting conditions, and found that lifts performed under asymmetrical conditions incurred 
significantly lower lateral torque and shear force during individual lifting than during 
team lifting. Conversely, during symmetrical lifting tasks the maximum sagittal plane 
torque and compression force at L5/S1 were both found to be significantly greater during 
individual lifts than during team lifts. Spine compression is greater with one-person 
carrying, whereas lateral shear is greater with two-person carrying. In 2002, Dennis et al. 
similarly found that maximum and average L4/L5 torque and compression force in the 
sagittal plane were significantly greater during individual lifts than during team lifts. 
Since the subjects in that experiment were not instructed to use a particular lifting 
technique, it is concluded that subjects naturally exploit the opportunity to decrease 
spinal loads by exerting a pulling force on the load and keeping the load closer to the 
lumbar spine in team lifting compared to individual lifting.  
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Results from the present study will provide currently unavailable information regarding 
the risk of masonry lifting tasks associated with the Versa-Lifter, and may serve as a 
branching point for the development and design of lifting devices for use in all facets of 
manual construction tasks. Developing interventions such as these may help reduce a 
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Six experienced male masons performed 5 replications of lifting tasks. West Virginia 
University (WVU) Institutional Review Boards for Protection of Human Research 
Subjects (IRB) ensure that this human subject research at WVU is appropriate and 
conforms to federal regulations (IRB #21995). Determinations of the number of subjects 
and replicates were based on power approach, as explained in section 3.3. The lifting 
tasks are similar to those performed by experienced masons every day. Since lifting 75- 
pound blocks is known to potentially cause injury or aggravate existing conditions, 
subjects with previous back injuries resulting in surgery or back injuries within the last 
six months were not permitted to participate in the study.   
 
3.1.2 Apparatus: 
VERSA-LOK BLOCK LIFTER.  
The Versa-Lifter was developed by Versa-Lok© to be used in conjunction with the 
Versa-Lok© Retaining Wall System©. This device consists of a handle attached to a 
horizontal bar which has a prong on each end that extends downward into the retaining 
wall block. The Versa-Lifter is designed to make lifting and placing the blocks easier. 
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The two prongs on the lifter are placed into the holes in the Versa-Lok block (shown in 









Figure 3.1 Versa-Lifter in block 
 
VICON NEXUS® MOTION MEASUREMENT SYSTEM. 
VICON systems have been used to track and analyze movement for over 20 years. They 
offer the researchers highly accurate motion-based measurements according to 
independent tests. The combination of high-speed video cameras, and light weight 
retroreflective markers now offer accuracy to within 0.1mm. The small markers easily 
attach to the subjects and do not require wires or heavy batteries, which can make 
movements more challenging. Through the use of VICON, we record the 3D positions of 
all the markers, providing data to reconstruct a biomechanical model of the participants.  
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UNIVERSITY OF MICHIGAN’S 3D STATIC STRENGTH PREDICATION PROGRAM. 
The University of Michigan’s 3D Static Strength Prediction Program (3DSSPP) is based 
on over 30 years of research at the Center for Ergonomics regarding the biomechanical 
and static strength capabilities of the employee in relation to the physical demands of the 
work environment (3DSSPP, Background). The 3DSSPP software computes static 
strength requirements for tasks such as lifts, carrying, pushes, and pulls. The model then 
predicts the percentage of people who have the strength to perform the described job, the 
spinal compression forces, and data comparisons to NIOSH guidelines. The main 
function of 3DSSPP is to evaluate the physical demands for a prescribed job, proposing 
new workplace designs, or redesigning an existing one. It was developed with the 
assumption that effects of acceleration and momentum are negligible, and is most proper 
to be used in analyzing "slow" motion of movements with heavy materials handling jobs. 
Then normal tasks can be broken into a sequence of static postures and then be evaluated 
as necessary.    
 
MINITAB SOFTWARE. 
Minitab is a powerful, easy-to-use, statistical software package that provides a wide range 





- 12 - 
 
ENERGY EXPENDITURE PREDICTION PROGRAM. 
The Energy Expenditure Prediction Program™ (EEPP) is a software tool to estimate 
energy expenditure rates for materials handling tasks to help assure worker safety and 
health. It predicts metabolic energy expenditure rates by summing up the energy 
requirements of small, well-defined work tasks that comprise the entire job.  The energy 
expenditures of the tasks are calculated by using prediction equations derived from 
empirical data. The informations for compute these energy requirements include: gender, 
body weight, distance moved, frequency, task posture, and the time needed to perform 
the tasks. We used EEPP to calculate the energy expenditure of the lifting tasks in this 
research, in order to make sure it does not exceed the 3.5 kcal/min action limit guideline 
for an average 8-hour day set by the National Institute for Occupational Safety and 
Health (NIOSH).   
 
3.1.3 Procedure: 
The lifting tasks were performed both manually and with the lifting tool. 
1. Six experienced male masons were recruited for this study. All the tasks for each 
subject were exactly the same, and the order were randomized.  
 
2. A consent form was provided describing any known or foreseeable risks and potential 
discomforts to the subjects. 
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3. Anthropometric measurements were recorded (e.g., body mass, height, link 
lengths) in order to maintain the highest degree of fidelity while analyzing the 
data.  
 
4. One sensor configuration served as a control condition in which subjects wore a 
set of light-weight retro-reflective markers. With the control sensor suite, we had 
subjects wear standard shorts and sleeveless shirts made of lightweight cotton as 
well.     
 
5. Before signing the consent form, subjects received a verbal introduction of the 
lifting tasks. They were introduced to every cycle that they would be asked to do, 
and they could ask questions about the apparatus or procedures.  
 
6. During the experiment, subjects were instructed to either perform the task 
manually (shown in Figure 3.2) or with Versa-Lifter (shown in Figure 3.3), lifting 
the block from the ground and placing to one of four heights (1.5ft, 2.5ft, 3.5ft, 
4.5ft).Then lowered the block back to the ground in preparation for the next lift.  
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Figure 3.2 Individually lifting block by using hands 
 
Figure 3.3 Lifting block by using Versa-Lifter 
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Both the lifting methods and the heights were randomly assigned to each subject. 
Participants lifted and placed the retaining wall block at four different heights, and 
then had a period to rest before the next series of lifts. Approximately 1.5 minutes 
was required to perform the block of four lifts. The 6 subjects were randomly 
assigned to the task at the beginning of the whole experiment, and then they 
continually did the task as the same order. When one subject performed a series of 
lifts, the other 5 subjects took a rest, which would provide each subject 7.5 
minutes rest time between each 1.5 minutes series of lifts.    
 
7. After each lift, the subject would be asked to rate the difficulty of the lift on a 
scale from 1 (Easily finish the task) to 10 (Barely finish the task).  
 
8. In order to observe adaptation differences during the lifting tasks, 5 replications 
were required.   
 
3.1.4 Data Collection: 
The VICON motion capture system was used to track the motion of the participants. 
Through use of high speed video cameras and markers, this system collected the 
coordinates (X, Y, Z axis) of each marker’s position, in order to reconstruct a 3D 
biomechanical model. After capturing the subjects’ movements, the VICON Nexus 
software is used reconstruct the 3D position of the markers with plug in gait marker set, 
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from which a digital skeleton can be constructed. Then based on it, we used 3DSSPP 
software to calculate the compression of the lower back, and the population-based 
estimates of strength capability of seven major joints: wrist, elbow, shoulder, torso, hip, 
knee, and ankle. The right portion of Figure 3.4 shows an example of the 3DSSPP 
interface and information provided, whereas the left part shows the human motion 
capture interface in VICON.  
 
 
Figure 3.4 Side-by-side comparison of reconstructed VICON data (left) and the 3DSSPP 




- 17 - 
 
3.2 Data processing: 
The 3DSSPP does not yet allow for importing VICON data. So after we got the 
coordinates (X, Y, Z axis) of each marker from VICON, these data were converted into 
global joint angles by using Pythagorean theorem and trigonometric functions. Then we 
put these angles into 3DSSPP, which calculated the subjects’ low back compression and 
strength capabilities. The average value of all the angles we put into 3DSSPP, and low 
back compression see APPENDIX I.   
 
3.3 Data Analysis:  
Since significant control of an object is required at both the origin and the destination of a 
lift, the worker must apply a significant upward force to accelerate and decelerate the 
object (NIOSH et al. 1994). Pursuant to the NIOSH Work Practices Guide, 3D low back 
compression and joint strengths were calculated at both the origin and the destination of 
the lift. 
 
3.3.1 Low Back Pressure Compression: 
In this research, the lifting tool was evaluated on whether or not the use of it reduces 
workers’ low back compression. Besides, different lifting height and subjects may have 
varying affect on subject’s low back compression. Since the beginning and ending 
position of the lift can only be evaluated respectively, two statistical models were built as 
follows 
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  are the effect of lifting heights which are 1.5ft, 2.5ft, 3.5ft and 4.5ft. Then i=1, 
2, 3, 4. 
   are the effect of lifting method. Two levels of this factor represent lifting 
either with tool or without tool. Then j=1, 2. 
 γk are the effect of subjects, k=1, 2, 3, 4, 5, 6. 
 (τβ)ij is the interaction effect between lifting ways and lifting height. 
 εijkl is a random error, l represents number of replications at each combination 
which will be determined in 3.3.2. 
 yB represents the low pack pressure for beginning position of the lifting and yE 
represents the low pack pressure for ending position of the lifting. 
  
Lifting heights (τi), lifting ways (βj) and interaction effects (τβij) are treated as fixed 
effects. It is assumed that   0i ,  0j and   0ij . Subjects (γk) is treated 
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as a random effect and it is a NID(0, σγ
2





Two ANOVA tables were provided for two different models. Therefore, the appropriate 
F tests were applied on testing the means of the fixed factor effects are equal, such as Ho: 
0i , Ho: 0j and Ho: 0ij . Also the appropriate F tests were applied on testing 
the variance of the random factor equal to zero, such as Ho: 0
2
 . In this study, the 
Type I error α = 0.05 and Power of the test which equals to 0.90 were chosen for the 
hypothesis test and sample size determination in 3.3.  
 
For fixed factors, if the null hypothesis was rejected, the factors effects will be estimated. 
For instance, β1 and β2 will be estimated to show the low back pressure difference if the 
test shows the lifting ways do have effects. 
 
3.3.2 Strength Percent Capable Comparison: 
The Strength Percent Capable box from 3DSSPP lists a summary of the strength analysis 
for the major joints strengths. The red potion of the graph indicates that the percent of the 
population with sufficient strength to perform the task is below 25%, depicting an 
unacceptable strength requirement. Since the subjects are all strong and professional 
masons, the yellow and green potion of the graph indicates that the percent of the 
- 20 - 
 
population with sufficient strength to perform the task is above 25%, depicting an 
acceptable strength requirement, as shown in Figure 3.5.   
 
 
Figure 3.5 Results status window 
 
In order to show the lifting tool’s advantage and limits, we used statistical method to 
analysis the percentage of strength capable.    
 
3.3.3 NIOSH Lifting Equation: 
 
Where,  
 LC: 23kg (Metric) or 51lb (U.S. Customary). 
 HM, VM, FM, DM, AM, CM: See Table A.1-A.6 in Appendix II. 
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Calculating the RWL is based on a multiplicative model that provides a weighting for 
each of the six task variables. The weightings are expressed as coefficients that serve to 
decrease the load constant, which represents the maximum recommended load weight to 
be lifted under ideal conditions.  
The Recommended Weight Limit (RWL) is the principal product of the NIOSH lifting 
equation. The RWL is defined for a specific set of task conditions as the weight of the 
load that 90% of the healthy workers could perform over a substantial period of time (e.g., 
up to 8 hours) without an increased risk of developing lifting-related low back pain. 
Table 3.1 is a list of brief definitions which are useful in applying the NIOSH lifting 
equation.  
Table 3.1 Necessary definitions in applying the NIOSH lifting equation 
Horizontal Location (H) 
 
Distance of the hands away from the mid-
point between the ankles, in inches or 
centimeters (Measure at the origin and 
destination of lift). See Figure 3.6. 
Vertical Location (V) 
 
Distance of the hands above the floor, in 
inches or centimeters (Measure at the origin 
and destination of lift). 
Vertical Travel Distance (D) 
Absolute value of the difference between the 
vertical heights at the destination and origin 
of the lift, in inches or centimeters. 
Asymmetry Angle (A) 
 
Angular measure of how far the object is 
displaced from the front (mid-sagittal plane) 
of the worker's body at the beginning or 
ending of the lift, in degrees (measure at the 
origin and destination of lift). See Figure 
3.7. 
Lifting Frequency (F) 
Average number of lifts per minute over a 
15 minute period. 














































Figure 3.7 Graphic representation of angle of asymmetry (A) 
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The Lifting Index (LI) is a term that provides a relative estimate of the level of physical 
stress associated with a particular manual lifting task. The estimate of the level of 
physical stress is defined by the relationship of the weight of the load lifted and the 
recommended weight limit. The smaller the LI is, the greater the fraction of workers 
capable of safely sustaining the level of activity. From the NIOSH perspective, it is likely 
that lifting tasks with a LI>1.0 pose an increased risk for lifting-related low back pain for 
some fraction of the workforce. Hence, the goal should be design all lifting jobs to 
achieve a LI of 1.0 or less. But some experts believe that worker selection criteria may be 
used to identify workers who can perform potentially stressful lifting task (i.e., lifting 
tasks that would exceed a LI of 1.0) without significantly increasing their risk of work-
related injury (Chaffin and Anderson, 1984; Ayoub and Mital, 1989). Nonetheless, these 
experts agree that nearly all workers will be at an increased risk of a work-related injury 
when performing highly stressful lifting task (i.e., lifting tasks that would exceed a LI of 
3.0). In this research, due to the extreme weight of the blocks, we define that the lifting 
tasks with a LI >3.0 pose a significantly increased risk for lifting-related low back pain. 
 
3.3.4  Questionnaire: 
Subjects rated the level of difficulty among using different lifting methods and different 
height from 1 (Easily finish the task) to 10 (Barely finish the task). Based on these data, a 
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diagram was provided to determine how different lifting methods and different height 
affect the workers feelings.   
 
3.4 Power Analysis 
Based on Model 1 and Model 2, the operating characteristic (OC) curves which is a plot 
of the type II error probability for a particular sample size versus a parameter can be used 
to assist the experiment in running a power analysis.   
 
3.4.1 Determination of the Number of Subjects: 
The random factor subject (γk) is treated as a block, so here calculating the number of 
subjects is actually calculating the number of blocks. Based on the statistical Model 1 (or 
Model 2), the OC curves (for random model) is used with  









                                          (3-1) 
where  
                                            
MSBL
2
   ,   MSE
2
  .  
History data was collected from four subjects and three replications. MSBL and MSE are 
calculated. For four subjects (c = 4), by OC curve, it is found that β ≈ 0.44. Therefore, the 
power of the test is approximately 1 - β = 1 - 0.44 = 0.56, which is less than the pre-
selected power request: 0.90. Proceeding in a similar manner, table 3.2 shows the power 
for different number of subjects for Model 1 (beginning position of lifting).  
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Table 3.2 Power value for different subjects 
c λ β Power(1-β) 
4 2.5 0.44 0.56 
5 3.0 0.1 0.9 
6 3.3 0.035 0.965 
 
Thus, based on the Model 1, 5 subjects (blocks) are sufficient to obtain a test with the 
required power. The same method is used to determine the number of subjects for Model 
2, the number of subjects equals to 6. Six subjects will be chosen for this study to insure 
both power requests for two models. 
 
3.4.2 Determination of the Number of Replicates: 
The method of determining the number of replicates is very similar as determining the 
number of subjects. The OC curves (for fix model) are used with: 
 
Table 3.3 OC curve parameters for fix model. 
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The ANOVA table based on history data shows that lifting height (τi) is not significant in 
Model 1 (beginning position of lifting).  5 minimum numbers of replicates for 5 other 
fixed effects (two from Model 1 and three from Model 2) are calculated. Determination 
of replicates from factor lifting ways (βj) in Model 2 is shown as an example in Table 3.3. 
 
Table 3.4 Power value for different replicates 
n   β Power(1-β) 
3 1.9 0.27 0.73 
4 2.2 0.16 0.84 
5 2.5 0.075 0.925 
 
Five replicates as the largest number of replicates will be applied to insure the sufficient 
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Chapter 4: Results 
 
4.1 Low Back Pressure Compression: 
Based on the values of low back pressure compressions, Figure 4.1 shows us the two 
















Figure 4.1 ANOVA tables for Model 1 and Model 2 
ANOVA: Begin versus Subject, Level, Tool  
 
Factor   Type    Levels  Values 
Subject  random       6  1, 2, 3, 4, 5, 6 
Level    fixed        4  1, 2, 3, 4 
Tool     fixed        2  1, 2 
 
Analysis of Variance for Begin 
 
Source       DF       SS       MS        F      P 
Subject       5     9212     1842     1.81  0.111 
Level         3     4929     1643     1.62  0.186 
Tool          1  1927296  1927296  1895.54  0.000 
Level*Tool    3     3043     1014     1.00  0.395 
Error       227   230803     1017 
Total       239  2175283 
 
S = 31.8865   R-Sq = 89.39%   R-Sq(adj) = 88.83% 
  
ANOVA: End versus Subject, Level, Tool  
 
Factor   Type    Levels  Values 
Subject  random       6  1, 2, 3, 4, 5, 6 
Level    fixed        4  1, 2, 3, 4 
Tool     fixed        2  1, 2 
 
Analysis of Variance for End 
 
Source       DF       SS       MS       F      P 
Subject       5    22691     4538    1.36  0.241 
Level         3  3907400  1302467  389.60  0.000 
Tool          1   358595   358595  107.26  0.000 
Level*Tool    3   194782    64927   19.42  0.000 
Error       227   758883     3343 
Total       239  5242350 
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 The ANOVA table for the beginning of the lift indicates that the tool has a significant 
effect on low back compression since its p-value is less than 0.05 and there is no 
sufficient statistical evidences to conclude other factors have effects on people’s low back 
compression since their p-values are greater than significant level 0.05.  
 
The ANOVA table for the destination of the lifting task indicates that there is no 
sufficient statistical evidence to conclude that differences between subjects have an effect 
on low back compression since its p-value is greater than significant level 0.05 and 
statistically speaking other factors have effects on people’s low back pressure since their 
p-values are less than 0.05. 
 
Furthermore, for Model 1, the tool effects have been calculated as follows: 
....... yy jj   
 
Then β1 = -90 and β2 = 90. Here j = 1 represents with tool and j = 2 represents without 
tool. Since only Tool affects low back compression at the beginning position, it is 
concluded that the lifting tool helps to reduce people’s low back compression at the 
beginning position for masonry task. 
 
For Model 2, since level has effect on low back compression, comprehensive tool effects 
are calculated as follows: 
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βj+(τβ)1j -67 67 
βj+(τβ)2j -26 26 
βj+(τβ)3j -9 9 
βj+(τβ)4j -21 21 
 
Again, j = 1 represents with tool and j = 2 represents without tool.  Table 4.1 shows that 
the lifting tool helps to reduce people’s low back compression for four different lifting 
level positions for masonry work. 
 
4.2 Strength Percent Capable Comparison: 
The origin of the lifting tasks was the same before lifts to, each of the four heights, so we 
don’t need consider them separately. The strength capabilities of seven major joints, 
namely the wrist, elbow, shoulder, torso, hip, knee, and ankle are all above 25%, 
depicting an acceptable strength requirement. Table 4.2 shows 95% confidence interval 
of strength capabilities for seven major joints at the beginning position. Based on the 
statistical results, only the knee resulted in significant differences tool use and manual 
lifting, where the strength capability of knee remains lower when using the tool compared 
to manual lifting.  
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Table 4.2 95% confidence interval of strength capabilities for seven major joints at the 




For the destination of the lifting tasks, the positions for all four heights are different, so 
they are considered separately. Table 4.3 shows 95% confidence interval of strength 
capabilities for seven major joints at the destination. Based on the statistical results, we 
can see at the lowest level, different lifting methods affect shoulder, and torso, and the 
strength capabilities of these two major joints when manual lifting are all higher than 
when using the tool. For level 2, using tool can reduce the strength capabilities of wrist, 
elbow and shoulder, but increase the strength capabilities of hip, knee, and ankle. At level 
3, using tool affects wrist, elbow, and shoulder. The tool can help increase the strength 
capabilities of elbow, but decrease it of wrist and shoulder. At the highest level, there is 
no significant difference only in torso and hip, and the tool can also only help increase 
the strength capabilities of elbow.   
   
  95% Confidence Interval of Strength Capabilities 
Major Joints Tool Manual 
Wrist (84.96, 89.29) (86.96, 89.88) 
Elbow (97.31, 98.07) (97.94, 98.39) 
Shoulder (98.47, 98.89) (98.64, 98.83) 
Torso (82.89, 85.26) (84.37, 85.91) 
Hip (73.93, 77.06) (73.29, 76.61) 
Knee (94.49, 96.21) (81.44, 85.90) 
Ankle (69.80, 75.51) (75.03, 79.20) 
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Table 4.3 95% confidence interval of strength capabilities for all major joints at the end. 
 
95% Confidence Interval of the Strength Capability 
  Tool Manual 
Major Joints Level 1 
Wrist (66.56, 78.50) (65.11, 76.02) 
Elbow (94.04, 96.96) (93.59, 96.48) 
Shoulder (94.66 96.81) (97.00, 98.00) 
Torso (38.80, 48.33) (49.14, 53.86) 
Hip (15.89, 29.31) (11.25, 20.95) 
Knee (7.97, 15.69) (15.27, 25.40) 
Ankle (4.20, 8.80) (3.63, 9.37) 
  Level 2 
Wrist (34.21, 40.32) (68.68, 78.65) 
Elbow (84.50, 87.50) (93.56, 96.37) 
Shoulder (74.09, 82.91) (90.77, 93.70) 
Torso (51.29, 59.11) (55.48, 61.45) 
Hip (55.89, 66.25) (32.80, 46.66) 
Knee (31.69, 43.17) (7.49, 27.91) 
Ankle (23.79, 33.54) (2.08, 17.46) 
  Level 3 
Wrist (0.62, 1.38) 27.86, 33.61) 
Elbow (98.86, 99.34) (81.70, 88.03) 
Shoulder (15.76, 22.58) (45.81, 59.46) 
Torso (45.54, 53.19) (48.13, 59.41) 
Hip (44.90, 54.30) (36.83, 59.10) 
Knee (29.82, 46.91) (15.23, 44.04) 
Ankle (7.78, 14.35) (10.42, 23.78) 
  Level 4 
Wrist (0, 0.21) (12.38, 18.02) 
Elbow (99.74, 99.99) (89.45, 92.68) 
Shoulder (9.43, 14.04) (21.87, 36.06) 
Torso (63.34, 70.32) (54.38, 65.48) 
Hip (52.57, 60.76) (47.35, 67.45) 
Knee (8.30, 19.57) (27.39, 50.48) 
Ankle (5.49, 13.25) (22.95, 39.11) 
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Table 4.4 shows all the major joints with strength capabilities that are below 25%. It 
depicts all the major joint are shown in the table have an unacceptable strength 
requirement. 
 
Table 4.4 Major joints of the strength capability which is below 25% 
  Level Major Joint 
Tool 
1 Knee, Ankle. 
2 None 
3 Wrist, Shoulder, Ankle 
4 Wrist, Shoulder, Knee,  Ankle 
Manual 
1 Hip, Knee, Ankle. 
2 Knee, Ankle. 
3  Ankle 
4 Wrist  
 
4.3 NIOSH Lifting Equation: 
We used NIOSH Lifting Equation to estimate if the lifting tasks pose a significantly 
increased risk for lifting-related low back pain. Based on the equation, all LI values 
between two lifting method and four lifting heights were calculated, as shown in table 4.5. 
And all the values of the six variables, six coefficients, and RWL, see Table A.7-A.8 in 
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Begin End Begin End 
1.5ft 2.95 5.02 2.52 4.38 
2.5ft 3.09 4.25 2.63 4.07 
3.5ft 3.12 4.72 2.66 4.58 
4.5ft 3.20 5.36 2.72 5.27 
 
From the table above, we can see at the beginning position, the LI values are higher than 
3 except at the lowest level when hand lifting, and less than 3 when using tool. At the 
ending position, all LI values are bigger than 3. And the LI values at all four height levels 
remain lower of using tool comparing to manual lifting task at both the origin and 
destination. The lower value is getting less as the height raises at the destination of the 
lifting tasks, which becomes very closed at the highest level.   
 
4.4 Questionnaire: 
The difficulty among using different lifting methods and different height for each subject 
are displayed in figure 4.2. 
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Figure 4.2 Perceived difficulty among subjects using different lifting methods at different 
heights 
 
From Figure 4.2, the difficulty for the different height level indicated, as the height level 
increases from 1 to 4, the difficulty level rises in the phases. And we can also see that 
subjects felt without tool is easier more often than using tool, especially at the high level 
of the height.   
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Chapter 5: Discussion and Conclusion 
 
This study revealed that using Versa-Lok Lifter has significant effect for workers. 
 
The apparent difference in the value between tool and manual lifting was observed for the 
low back compression and LI, where the value of low back compression and LI are 
always lower for tool lifting. These results suggest that the risk of a low back injury can 
be reduced by use of Versa-Lifter. We also found that the values of low back 
compression and LI decrease as height increases when the lifting level is below 2.5ft, but 
increase as the height increases above 2.5ft. A final observation is that all LIs at the 
destination are above 3. Recall that we defined that lifting tasks with a LI greater than 3.0 
pose a significantly increased risk for lifting-related low back pain. Therefore, using 
Versa-Lifter can reduce the risk of a low back injury, but a significant percentage of the 
workforce is still likely to be at risk for developing lifting-related low back pain whether 
or not they are using the lifting tool.     
 
The masons who participated in this study performed the experiment in the laboratory, 
which may not have been identical to actual fieldwork. Prior to the experiment, two 
masons were consulted on the setup to increase the fidelity of the environment. The 
subjects stated that the tasks were “very similar” to what they experience on the job, and 
concurred that the setup can be considered representative of one aspect of typical 
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residential retaining wall construction. An additional limitation is that some masons 
stepped toward the wall with only the left foot bringing it 90 degrees to the left, while 
others turned both feet toward the wall during the lifts. The data shows that the strength 
capabilities of subjects’ knee and ankle are close to zero when they pivoting the right foot, 
especially at high levels, and above 25% when they bringing both feet 90 degrees. And 
we also found that the subjects turn only one foot more often at the low levels. Hence, the 
significant effects of subjects’ knees and ankles might not be caused by different lifting 
ways, but different positions. And based on these data, we recommend masons to turn 
both feet when they remaining the wall as possible as they can.   
 
The data of the strength capabilities also indicate that, at the beginning position, the 
strength requirements are acceptable for all seven major joints, and tool lifting may 
increase the risk of knee injury, because the masons have to lower their body further to 
the ground to lift the same block, thus having to lift the body and block 12 inch further up 
to place the block. Meanwhile for the ending position, using tool has effects on most of 
the joints, using tool is better for the elbow, but may have risks for wrist and shoulder, 
especially at the high level, since there is an adverse effect of working with the arms 
elevated at or above shoulder level, and masons have to elevate both the arm 12 inches 
more by using tool. As the data shows,  when the lifting height is above 2.5ft, the strength 
capabilities of wrist and shoulder are always much higher than manual lifting, the values 
of wrist are close to zero when using tool, which means using tool is hazardous for wrist 
and shoulder at high levels.  
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It was somewhat surprising that the participants indicated manual lifting is easier more 
often than when using the tool, especially at the higher levels. It is possible that the 
masons expected a higher force when the height gets higher, and another reason is that 
they may be unaccustomed get use to the tool.   
 
Consequently, from the present study it was concluded that using Versa-Lifter can reduce 
the low back compression, but the percentage of the low back pain incidence rate is still 
high, especially, at the higher levels. And based on the values of LIs, the positive effect 
of using tool is getting less as the lifting height increases. Additionally using tool still 
may increase risks for some major joints of human body at higher level. Therefore, using 
Versa-Lifter is better for the lower levels but still need optimizations for the higher levels.     
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APPENDIX I 
Table A1.1 Average angle and low back compression for subject 1 with tool lifting 
Subject 1 
Average Angle 
Begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 142 -54 106 -58 129 -29 131 -17 154 -18 
left upper arm 63 -79 62 -73 39 -60 69 -17 53 -1 
left upper leg 66 16 87 -74 90 -91 81 -76 -11 -89 
left lower leg -118 -25 -89 -80 -88 -85 -90 -71 -13 -89 
left foot 57 -1 140 -3 92 1 87 -1 111 2 
right 
right forearm 133 -50 114 -65 131 -26 120 -11 150 4 
right upper arm 44 -88 60 -78 48 -57 70 -14 32 -3 
right upper leg 25 17 -28 -76 -88 -88 63 61 -124 -87 
right lower leg -114 -25 -147 -59 -85 -85 -99 -76 -96 -57 
right foot 55 -5 6 -24 74 1 73 2 46 -39 
trunk flexion 49 44 67 79 92 
Average Low Back 
Compression 
1091 1028 738 752 695 
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Table A1.2 Average angle and low back compression for subject 1 with manual lifting 
Subject 1` 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 102 -60 93 -43 108 -53 117 1 114 12 
left upper arm -35 -78 -1 -71 19 -66 26 -51 9 -47 
left upper leg 65 -11 88 -54 89 -83 62 -84 -37 -85 
left lower leg -115 -21 -99 -74 -87 -83 -91 -74 -43 -87 
left foot 51 -24 132 -2 92 -13 107 -5 91 -22 
right 
right forearm 113 -67 86 -62 108 -59 120 0 110 4 
right upper arm -28 -79 2 -59 -1 -69 22 -43 11 -45 
right upper leg 64 -9 52 -69 -21 -84 -18 -83 -113 -86 
right lower leg -114 -26 -148 -55 -115 -38 -78 -80 -95 -90 
right foot 56 -8 9 -17 60 -20 74 1 99 -15 
trunk flexion 28 26 65 82 81 
Average Low Back 
Compression 
1267 1182 762 780 707 
 
- 41 - 
 
Table A1.3 Average angle and low back compression for subject 2 with tool lifting 
Subject 2 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 140 -59 116 -59 127 -32 132 -17 149 -27 
left upper arm 61 -80 88 -76 41 -61 65 -16 54 13 
left upper leg 51 -8 83 -69 85 -87 80 -83 -25 -87 
left lower leg -113 -19 -92 -83 -94 -86 -88 -74 -3 -88 
left foot 58 0 140 -2 92 -2 90 -3 109 0 
right 
right forearm 138 -47 101 -66 130 -27 127 -9 160 -6 
right upper arm 38 -85 92 -69 47 -58 61 -17 33 -7 
right upper leg 36 2 -17 -78 -89 -89 59 -32 -120 -84 
right lower leg -101 -21 -153 -58 -84 -84 -97 -78 -90 -72 
right foot 48 -2 -6 -20 77 -9 70 -1 50 -36 
trunk  flexion 55 48 71 81 84 
Average Low Back 
Compression 
1083 866 745 783 660 
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Table A1.4 Average angle and low back compression for subject 2 with manual lifting 
Subject 2 
Average Angle  
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 117 -71 105 -59 109 -52 115 0 118 13 
left upper arm -40 -68 -4 -68 23 -68 28 -50 10 -50 
left upper leg 62 -10 84 -53 88 -84 61 -80 2 -84 
left lower leg -118 -21 -101 -72 -90 -90 -92 -78 -2 -85 
left foot 54 -19 133 -5 88 -14 106 -12 83 -21 
right 
right forearm 95 -63 92 -53 100 -60 124 4 110 7 
right upper arm 1 -68 -12 -57 -3 -72 28 -44 11 -48 
right upper leg 70 -17 46 -74 -20 -78 -7 -81 -98 -88 
right lower leg -114 -25 -149 -57 -93 -13 -90 -77 -93 -89 
right foot 52 -7 -9 -16 36 -24 81 -6 75 -11 
trunk  flexion 35 24 58 85 83 
Average Low Back 
Compression 
1239 1024 810 812 811 
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Table A1.5 Average angle and low back compression for subject 3 with tool lifting 
Subject 3 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 141 -66 111 -60 127 -30 129 -17 151 -22 
left upper arm 72 -76 93 -75 43 -61 67 -16 51 14 
left upper leg 37 -11 86 -77 76 -92 70 -71 -37 -87 
left lower leg -114 -27 -84 -78 -95 -90 -88 -71 -13 -88 
left foot 52 2 133 -3 94 -1 88 -2 109 0 
right 
right forearm 132 -66 118 -70 128 -29 120 -17 161 -6 
right upper arm 56 -81 81 -70 45 -62 64 -22 32 2 
right upper leg 52 -2 -19 -71 -99 -88 51 -44 -130 -88 
right lower leg -101 -20 -147 -55 -89 -87 -99 -70 -91 -71 
right foot 50 -2 -3 -22 75 4 67 -9 46 -30 
trunk  flexion 61 36 70 85 84 
Average Low Back 
Compression 
1082 940 770 802 727 
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Table A1.6 Average angle and low back compression for subject 3 with manual lifting 
Subject 3 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 112 -70 102 -49 99 -54 115 1 117 9 
left upper arm -14 -78 35 -70 64 -70 26 -49 9 -48 
left upper leg 63 -11 82 -53 90 -83 65 -80 -28 -89 
left lower leg -114 -28 -101 -70 -88 -92 -89 -76 -13 -87 
left foot 52 -22 126 -4 130 -16 79 -12 84 -23 
right 
right forearm 97 -69 88 -59 102 -55 130 5 106 7 
right upper arm -31 -75 -11 -65 23 -71 31 -56 10 -48 
right upper leg 66 -15 39 -72 -34 -76 -17 -83 -118 -88 
right lower leg -111 -26 -148 -55 -92 -20 -83 -75 -120 -87 
right foot 54 -6 -3 -23 29 -15 58 2 74 -16 
trunk  flexion 28 19 55 81 82 
Average Low Back 
Compression 
1267 1015 830 824 831 
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Table A1.7 Average angle and low back compression for subject 4 with tool lifting 
Subject 4 
Average Angle  
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 122 -63 106 -60 129 -29 132 -16 152 -23 
left upper arm 70 -78 61 -78 39 -61 65 -18 54 15 
left upper leg 42 19 75 -77 89 -85 52 -75 -11 -89 
left lower leg -100 -27 -91 -87 -92 -92 -92 -72 -19 -89 
left foot 53 -3 140 -4 95 -4 94 -3 112 0 
right 
right forearm 136 -52 110 -64 129 -27 131 -16 158 -8 
right upper arm 68 -76 53 -70 46 -56 66 -22 32 -3 
right upper leg 54 16 -23 -74 -96 -88 52 51 -124 -86 
right lower leg -103 -27 -151 -64 -88 -87 -100 -72 -90 -57 
right foot 49 -4 -20 -18 74 -7 73 3 56 1 
trunk  flexion 61 37 78 80 84 
Average Low Back 
Compression 
1080 999 728 805 643 
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Table A1.8 Average angle and low back compression for subject 4 with manual lifting 
Subject 4 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 120 -71 96 -61 109 -54 113 1 115 14 
left upper arm -22 -73 -7 -67 53 -66 37 -50 11 -46 
left upper leg 64 -12 96 -53 79 -92 65 -83 -45 -84 
left lower leg -113 -19 -100 -70 -92 -87 -89 -75 -11 -86 
left foot 53 -25 124 -3 96 -16 90 -4 82 -21 
right 
right forearm 115 -65 83 -55 105 -53 120 1 106 8 
right upper arm -23 -78 0 -60 16 -68 25 -45 13 -48 
right upper leg 64 -15 54 -69 -36 -76 27 -81 -112 -89 
right lower leg -115 -24 -149 -58 -111 -23 -86 -77 -106 -88 
right foot 55 -1 6 -16 61 -20 68 -1 88 -16 
trunk  flexion 38 21 59 81 84 
Average Low Back 
Compression 
1266 1277 790 816 671 
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Table A1.9 Average angle and low back compression for subject 5 with tool lifting 
Subject 5 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 140 -63 109 -55 126 -27 129 -15 157 -22 
left upper arm 30 -80 59 -67 42 -58 62 -19 55 7 
left upper leg 42 4 97 -69 88 -95 66 -83 -23 -91 
left lower leg -109 -28 -91 -86 -88 -85 -90 -70 -19 -88 
left foot 53 -6 135 -5 91 -2 93 0 111 -3 
right 
right forearm 136 -53 110 -62 128 -29 124 -13 155 -5 
right upper arm 69 -85 52 -74 44 -62 63 -16 35 -5 
right upper leg 25 3 -8 -77 -78 -85 61 1 -125 -87 
right lower leg -99 -26 -148 -59 -90 -88 -98 -70 -106 -68 
right foot 54 -4 6 -23 80 -7 68 -9 49 -29 
trunk  flexion 51 42 71 82 84 
Average Low Back 
Compression 
1090 941 769 801 719 
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Table A1.10 Average angle and low back compression for subject 5 with manual lifting 
Subject 5 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 100 -54 109 -55 110 -55 113 -2 118 11 
left upper arm -41 -69 3 -67 51 -69 33 -51 8 -49 
left upper leg 66 -10 91 -52 89 -88 68 -80 -33 -88 
left lower leg -112 -26 -100 -75 -89 -91 -89 -76 0 -86 
left foot 52 -27 137 -2 92 -17 93 -9 95 -24 
right 
right forearm 99 -71 94 -65 102 -57 124 3 109 6 
right upper arm 0 -67 -11 -63 29 -76 35 -45 11 -45 
right upper leg 66 -13 52 -68 -4 -80 11 -86 -100 -87 
right lower leg -111 -25 -150 -56 -95 -21 -84 -75 -98 -86 
right foot 53 -4 -4 -27 51 -23 71 2 99 -15 
trunk  flexion 30 22 56 80 81 
Average Low Back 
Compression 
1268 1018 831 825 789 
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Table A1.11 Average angle and low back compression for subject 6 with tool lifting 
Subject 6 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 124 -53 103 -68 128 -28 134 -17 149 -26 
left upper arm 60 -79 70 -72 42 -60 64 -16 53 13 
left upper leg 34 -3 88 -78 74 -95 82 -79 8 -88 
left lower leg -115 -26 -81 -82 -95 -87 -87 -76 -9 -87 
left foot 50 1 136 -1 94 2 91 -2 111 -2 
right 
right forearm 142 -58 118 -68 126 -28 122 -15 156 -5 
right upper arm 31 -78 57 -75 42 -56 65 -19 35 -3 
right upper leg 53 0 -5 -77 -80 -84 56 -29 -114 -85 
right lower leg -119 -30 -152 -63 -87 -87 -99 -74 -99 -62 
right foot 59 -1 -16 -19 80 -9 68 -10 52 -1 
trunk  flexion 61 38 70 76 84 
Average Low Back 
Compression 
1072 1001 726 805 644 
 
- 50 - 
 
Table A1.12 Average angle and low back compression for subject 6 with manual lifting 
Subject 6 
Average Angle 
begin end(level 1) end(level 2) end(level 3) end(level 4) 
horizontal vertical horizontal vertical horizontal vertical horizontal vertical horizontal vertical 
left 
left forearm 117 -71 107 -44 111 -49 117 0 115 8 
left upper arm -16 -67 0 -66 65 -71 29 -50 9 -45 
left upper leg 62 -8 94 -56 85 -88 67 -80 -4 -87 
left lower leg -118 -25 -100 -74 -89 -84 -90 -74 -30 -85 
left foot 53 -27 120 1 126 -17 78 -2 101 -23 
right 
right forearm 117 -74 87 -57 109 -59 129 4 107 9 
right upper arm -41 -72 -9 -66 13 -76 32 -39 13 -46 
right upper leg 64 -11 39 -72 -16 -81 23 -84 -94 -90 
right lower leg -107 -25 -146 -56 -104 -14 -92 -79 -89 -89 
right foot 51 -8 6 -24 76 -27 75 2 81 -22 
trunk  flexion 33 23 62 84 83 
Average Low Back 
Compression 
1266 1288 779 799 671 
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APPENDIX II 
Table A2.1 Horizontal Multiplier                    Table A2.2 Vertical Multiplier                         
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   Table A2.3 Distance Multiplier                            Table A2.4 Asymmetry Multiplier    
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Table A2.5 Frequency Multiplier 
 
 
Table A2.6 Hand-to-Container Coupling Multiplier 
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BEGIN END BEGIN END 
1.5FT 25.39 14.95 29.82 17.12 
2.5FT 24.29 17.67 28.52 18.42 
3.5FT 24.01 15.89 28.19 16.39 
4.5FT 23.46 13.99 27.55 14.24 
 




BEGIN END BEGIN END 
H 
1.5FT 12 17 12 17 
2.5FT 12 16 12 14 
3.5FT 12 16 12 14 
4.5FT 12 16 12 14 
V 
1.5FT 0 18 13 31 
2.5FT 0 30 13 43 
3.5FT 0 42 13 55 
4.5FT 0 54 13 67 
D 
1.5FT 18 18 18 18 
2.5FT 30 30 30 30 
3.5FT 42 42 42 42 
4.5FT 54 54 54 54 
A 
1.5FT 0 90 0 90 
2.5FT 0 90 0 90 
3.5FT 0 90 0 90 
4.5FT 0 90 0 90 
F 
1.5FT 3 3 3 3 
2.5FT 3 3 3 3 
3.5FT 3 3 3 3 
4.5FT 3 3 3 3 
C  Fair Good 
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Table A2.9 The values of all the six coefficients for NIOSH lifting equation. 
 
HAND TOOL 
BEGIN END BEGIN END 
HM 
1.5FT 0.83 0.59 0.83 0.59 
2.5FT 0.83 0.63 0.83 0.73 
3.5FT 0.83 0.63 0.83 0.73 
4.5FT 0.83 0.63 0.83 0.73 
VM 
1.5FT 0 18 13 31 
2.5FT 0 30 13 43 
3.5FT 0 42 13 55 
4.5FT 0 54 13 67 
DM 
1.5FT 0.92 0.92 0.92 0.92 
2.5FT 0.88 0.88 0.88 0.88 
3.5FT 0.87 0.87 0.87 0.87 
4.5FT 0.85 0.85 0.85 0.85 
AM 
1.5FT 1 0.71 1 0.71 
2.5FT 1 0.71 1 0.71 
3.5FT 1 0.71 1 0.71 
4.5FT 1 0.71 1 0.71 
FM 
1.5FT 0.88 0.88 0.88 0.88 
2.5FT 0.88 0.88 0.88 0.88 
3.5FT 0.88 0.88 0.88 0.88 
4.5FT 0.88 0.88 0.88 0.88 
CM 
1.5FT 0.95 0.95 1 1 
2.5FT 0.95 1 1 1 
3.5FT 0.95 1 1 1 
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